Introduction
palmitoylthioesterase with no known endogenous substrates, but a deficiency in this enzyme and CLN3 (38) and is localized to the endosomal/lysosomal compartment (17). However, the 67 mechanism cells use to sort CLN5 to lysosomes and the function of this protein remain 68 unknown.
69
The trafficking of soluble luminal lysosomal cargo such as cathepsin D, CLN1, 70 prosaposin and β-glucocerebrosidase are sorted by the cationic-dependent mannose 6-phosphate 71 receptor (CD-MPR), the cationic-independent mannose 6-phosphate receptor (CI-MPR), sortilin 72 and LIMP-II (7, 10, 20, 30) . For anterograde traffic (Golgi-to-endosome), cargo binds to the 73 receptors in the Golgi and is packaged into clathrin coated vesicles (5). When the receptor/cargo 74 complex reaches the more acidic environment of the endosomes, the cargo dissociates from the 75 receptor and the majority of the receptor is recycled back to the Golgi for another round of 76 sorting while a small percentage is degraded in lysosomes (6). The efficient retrograde traffic
77
(endosome-to-Golgi) of CI-MPR and sortilin requires the protein complex, retromer (1, 35) . 
83
A recent study found that CI-MPR was not implicated in the lysosomal localization of 84 CLN5 (34). We tested the hypothesis that sortilin is involved in the sorting and trafficking of 85 CLN5 to the lysosomal compartment. We report an interaction between CLN5 and sortilin, 86 however, CLN5 is still properly localized in sortilin-depleted cells. Interestingly, in CLN5-87 depleted cells, we found that CI-MPR and sortilin are degraded in lysosomes due to the lack of 88 retromer recruitment to endosomes. Taken together, we propose that CLN5 is part of an 89 endosomal switch that determines whether the lysosomal sorting receptors are recycled back to 90 the Golgi or degraded in lysosomes.
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Materials and Methods
92
Antibodies and reagents
93
The following mouse monoclonal antibodies were used: anti-CD222 against CI-MPR, anti-myc 
107
Cell culture and immunofluorescence
108
Cells were maintained in DMEM supplemented with 10% fetal calf serum and antibiotics.
109
Transfections were performed using 1μg of DNA per 2 cm plate with Lipofectamine Reagent 110 supplemented with the Plus Reagent according to the manufacturer's instructions (Invitrogen, 111 Burlington, ON). Stable cells lines were generated by the addition of 400 μg/ml of G418 for 2 112 weeks. Resistant clones were maintained under selective pressure by the addition of 200μg/ml 113 of G418. Immunofluorescence was performed as previously described (11)
114
Co-immunoprecipitation, Cycloheximide chase and GST pull-down 115 These methods were previously described (19, 21) .
116
RNA interference
117
The siRNA against CLN5 and CLN1 were purchased from Invitrogen and transfected using 
Quantification of immunofluorescence signals at the endosome
125
The endosomal compartment was assumed to be fluorescent puncta, most of them of 126 subdiffraction-limit size. Widefield fluorescent microscopy images were taken using a 63x oil-127 immersion objective and appropriate dichroics to detect Alexa594, RFP or GFP. The exposure 128 time of the camera was set in order to avoid saturation and maximize the intensity dynamic noise. This is considered a low-pass filter since only fluctuations longer than this given length 137 are kept after this operation. Secondly, the image matrix was convolved with a boxcar kernel 138 twice as big as the point spread function. This last operation is a low-pass filter for near-139 diffraction limit objects. Finally the subtraction of the boxcar image from the Gaussian images 140 becomes a band-pass filter to choose elements bigger than noise up to twice the diffraction limit.
141
In order to limit the puncta considered in the calculation to those inside cells, an intensity 142 threshold was established using Otsu's method (27) . The cytosolic fluorescence was enough to 143 use this automatic thresholding procedure to assign foreground pixels to cells and background 144 pixels to empty space. This coarse estimation of the foreground pixels was further refined and 145 used as a mask to consider only puncta inside cells and discard signal arising from culture debris 146 and nonspecific staining. The first refinement was to clean the mask by removing isolated pixels 147 (1s surrounded by eight 0s). Next, a morphological erosion (13) was performed and holes inside 148 the mask were filled. Finally, the area of each individual object in the mask was measured and all 149 objects smaller than 50 times the biggest object (often several cells close together) were 150 removed. Using the already filtered image multiplied by the cells mask, an algorithm that finds 151 intensity local maxima was applied to detect the brightest pixels. Each of these intensity maxima 152 was considered as the brightest location of a puncta and circles of 4 pixels in radius were by Western blot using streptavidin-HRP.
170
Results
171
CLN5 interacts with but is not trafficked by sortilin. Although it is well established that 172 CLN5 localizes to the endosomal/lysosomal compartment (17), few studies have addressed its 173 mechanism of trafficking. A recent study showed that CLN5 was properly localized in CI-MPR 174 deficient fibroblasts (34), so we tested the hypothesis that CLN5 is a cargo of sortilin. Since 175 soluble cargo must bind a lysosomal sorting receptor, we wanted to determine whether or not
176
CLN5 was an interactive partner of sortilin. To test this, we co-expressed HA-CLN5 and Figure 1A ). We observed a specific band corresponding to sortilin-myc in the presence of 179 HA-CLN5 at pH 7 ( Figure 1A , top left panels) which was absent in lysates not expressing HA-
180
CLN5 even though sortilin-myc was expressed in both. Similarly, sortilin-myc was able to co-181 immunoprecipitate HA-CLN5 when we immunprecipitated with anti-myc antibody (data not 182 shown) and our immunoprecipitation protocol using anti-HA antibody was clean as shown using 
296
In order to demonstrate that the effect seen on Vps26 recruitment is specific to CLN5-297 depletion and not an off-target effect, we adopted a rescue strategy in CLN5-depleted cells. For 298 this, we knocked down endogenous CLN5 using a pool of siRNA directed against the 3'UTR of 299 the designated gene and then reintroduced wild-type CLN5 to test for the rescued phenotype.
300
Using this siRNA strategy, we obtained a 70% reduction in the amount of CLN5 ( Figure 7A Figure 8N ) suggesting that decrease in endosomal intensity was due to lack of 320 recruitment and not degradation. We then compared the fluorescence intensity of RFP-Rab5 in 
331
CLN5 is required to activate Rab7. We next tried to determine whether CLN5 was an effector 332 of activated Rab7 or if CLN5 was required to activate Rab7. We tested if dominant active Rab7
333
(RFP-Rab7Q67L) could interact more strongly with CLN5 than wild-type Rab7, suggesting it 334 would be an effector like RILP (8), rubicon (37) or retromer (32). Following an 335 immunoprecipitation with anti-HA antibody, we found that both wild-type Rab7 and dominant 336 active Rab7 (Rab7Q67L) interacted with CLN5 ( Figure 9B ). Moreover, we also found an 337 interaction between dominant negative Rab7 (RFP-Rab7T22N) and CLN5 ( Figure 9B ) 338 suggesting that CLN5 may be part of the Rab7 activation machinery and not an effector. Next,
339
we compared the cells' ability to GTP load Rab5 and Rab7 in the presence or absence of CLN5 340 by measuring the amount of a cross-linkable GTP analogue incorporated into these Rab proteins.
341
We found that, compared to mock-depleted cells, CLN5-depleted cells had significantly less 342 GTP-loaded Rab7 (Figure 9C ), while the amount of GTP loaded Rab5 was not significantly 343 different ( Figure 9C) . Quantification of the GTP-loading experiments showed that in CLN5-344 depleted cells, Rab7 loading was reduced by 76% ( Figure 9D (34), we tested if sortilin was a trafficking receptor for 362 CLN5. We found that CLN5 binds sortilin, however, CLN5 can interact with sortilin at a more 363 acidic pH that usually inhibits cargo/receptor interactions such as prosaposin binding to sortilin.
364
This suggested that the CLN5/sortilin interaction may not be required for the trafficking of 365 CLN5 to the lysosomal compartment and in support of this, depletion of sortilin by shRNA had 366 no effect on the cellular localization of CLN5, although it did prevent the proper localization of a 367 known cargo, prosaposin, as was previously shown (20). Since neither CI-MPR nor sortilin seem 368 to be implicated in the trafficking of CLN5, it is possible that LIMP-II is required, as it was 369 recently shown that this protein can act as the sorting receptor for β-glucocerebrosidase (30).
370
Moreover, since CLN5 is a potential transmembrane protein, it is therefore possible that CLN5 371 can interact directly with cytosolic trafficking components to form its own trafficking vesicles 372 like other lysosome integral membrane proteins such as CD63 and Lamp2. More work will be 373 required to elucidate this sorting and trafficking mechanism. The recruitment of retromer to endosomal membranes is a tightly regulated process that 384 requires the small G proteins Rab5 and Rab7 (32, 36) . Our results show a significant reduction in 385 the amount of Rab7 and a slight reduction in the amount of Rab5 found on endosomal 386 membranes in CLN5-depleted cells. Interestingly, we also found that the activation of Rab7 was 387 significantly impaired but found no changes in the activation of Rab5. A recent paper 388 demonstrated that the Mon1-Ccz1 complex is a Rab GEF for the yeast homologue of Rab7 (26).
389
It is possible that CLN5 could recruit this GEF to localize and/or activate Rab7. The molecular 390 details of this event need to be further elucidated. If CLN5 is a transmembrane domain protein, it 391 could be possible that CLN5 could interact directly with Mon1 and/or Rab7. Alternatively, the 392 interaction could be indirect and mediated via CLN3, a known interactive partner of CLN5.
393
Further work will be required to determine this. Step 3) to sort the back to the Golgi where it can interact with more cargo.
